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THROUGH BOND ENERGY TRANSFER IN FLUORESCENT DYES 
FOR LABELLING BIOLOGICAL MOLECULES 

RIGHTS IN THE INVENTION 

This invention was made in part with United States 
Government support under grant number HG01745 awarded by the 
National Institute of Health, and the United States Government 
has certain rights in the invention. 

CROSS REFERENCE TO RELATED APPLICATIONS 



TECHNICAL FIELD OF THE INVENTION 

The present invention relates in general to the 
field of DNA sequencing and, more particularly, to through 
bond energy transfer in fluorescent dyes for labelling 
biological molecules . 

BACKGROUND OF THE INVENTION 

Methods routinely applied for high throughput DNA 
sequencing have oscillated between two embodiments of the 
Sanger scheme. [Al, A2] Fluorescence detection dominates 
throughout, [A3] but the factor that distinguishes the 
approaches is that the labels can be situated in the primer 
(dye-primers) or in the terminating fragments (dye- 
terminators) . Both methods have been, and continue to be, 
used. [A4-A6] 

Early dye -primer technology featured one fluorescent 
flag per primer. Four reactions were performed with each of 
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the ddNTP ' s using the "workhorse tags", i.e., JOE, TAMRA, 
ROX, and FAM. These four reactions were mixed after 
production of a nested set of chain terminated DNA fragments, 
and analyses were performed via gel electrophoresis in one 
5 lane with a static detector. 

Dye terminator strategies [A7] have the advantage 
that only one reaction is required to produce a nested set of 
chain terminated DNA fragments labeled with fluorescent groups 
appropriate to the four ddNTP 1 s. The (unlabeled) primers used 

10 are also cheaper to produce than the corresponding 

f luorescently labeled ones. Moreover, in contrast to dye- 
primer strategies, pausing bands are invisible to fluorescence 
detection when the label is present only in the terminator. 
The disadvantage of dye- terminators is that not all of the 

15 relatively precious labeled component is incorporated into the 

complement whereas all the fluorescence is retained in the 
complement if the dye primer method is used. 

A significant advance in dye-primer methodology 
occurred when it was realized that the fluorescence signal 

2 0 could be enhanced by approximately ten- fold when two labels 

were used in the following way. [A9] One was selected to 
absorb relatively high energy photons; energy transfer though 
space to the second fluorescent group would then lead to 
emission at a lower wavelength. Specifically, FAM was (and 

2 5 is) used to harvest the irradiation, then convey energy 

through space to either JOE, TAMRA, or ROX. The ten- fold 
enhancement obtained is significant because it facilitates use 
of less reagents (dye-primer, enzyme, dNTPs, ddNTPs, etc.), 
and/or lessens the need to concentrate the reactions before 

30 gel electrophoresis and detection. [A9-A13] Energy transfer 

enhancement of fluorescence is more efficient than other 
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systems wherein two identical fluorescent labels per primer 
have been used to enhance sensitivity. [A14] 

The utility of the dye- terminator approach has also 
been enhanced, but in this case the development was one in 
5 molecular biology. Tabor and Richardson showed that some 

mutated DNA polymerases favor incorporation of labeled 
ddNTPs . [A15] These enzymes are more expensive than the wild 
type, but they can be obtained in significant quantities via 
over-expression. Use of these DNA replicating enzymes leads 

10 to more efficient use of ddNTPs in Sanger sequencing, and this 

is particularly important when the ddNTP bears a label. 

The state of the art in high throughput sequencing 
is such that both dye -primers and dye terminators are used. 
Typically, cloned genomic fragments are randomly sheared and 

L5 subcloned into specialized sequencing vectors, i.e., the 

"shot-gun" approach. Doubly labeled dye -primers that 
complement the specialized vector arms are then used to begin 
the sequencing operation; a compelling advantage of this is 
that only a limited repertoire of these expensive primers is 

20 required. Primer walking is then used to extend the sequence 

information obtained. However, the primer walking steps, and 
sequencing of regions riot-covered by the shot -gun/primer 
walking process, require primers that are tailor made to those 
particular sequences (rather than to a restriction site 

2 5 sequences) . Syntheses of many different doubly labeled dye- 

based primers cannot be justified, so a different approach is 
used. In fact, it is cost effective to use labeled 
ddNTPs/mutant DNA replicating enzymes at this stage, therefore 
obviating the need for extensive dye-primer syntheses. 
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SUMMARY OF THE INVENTION 

Fluorescent energy transfer cassettes are reported. 
Unique features of these are that they allow through bond 
energy transfer and have a succinimidyl ester functionality 
suitable for attaching them to biomolecules . The relevance of 
this design concept to high throughout DNA sequencing is 
discussed. 

This disclosure outlines a general design principle 
for new fluorescent dyes to be applied in high throughput DNA 
sequencing protocols (e.g., The Genome Project) and other 
applications in biotechnology. 

Fluorescent dyes for DNA sequencing and other 
biotechnological applications can be produced in the following 
way. A UV-absorbing chromophore is selected that will absorb 
relatively strongly at the wavelength emitted by the source 
chosen for the application under consideration. Organic 
synthesis is then performed to incorporate this chromophore 
into a molecule wherein the chromophore is conjugated with a 
molecular entity having desirable fluorescence emission 
properties. In DNA sequencing, the latter group would be one 
with a strong, narrow bandwidth, emission at a distinctly 
different wavelength to the other dyes used in the sequencing 
method. The UV chromophore must absorb at a lower wavelength 
than the fluorescence emitter, and it is highly desirable that 
the chromophore and fluorescence emitter be placed at opposite 
ends of the conjugated system (not in the middle) . In the 
anticipated mode of action of these dyes, the UV absorbing 
group would harvest radiation from the excitation source and 
transmit it through the conjugated system to the fluorescence 
emitter which would then fluoresce. 
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The new fluorescent dyes should also preferably have 
the following properties: 

(i) manageable solubility characteristics; 

(ii) functionality that allows them to be conveniently 
5 attached to nucleotides (or other biomolecules) / 

(iii) similar structures when used as sets for DNA 
sequencing, thus giving near tagged DNA fragments 
with similar gel mobilities; 
(iv) chemical stability; 
10 (v) chemical accessibility (i.e., can be obtained via 

convenient syntheses) ; and, 
(vi) functional groups which facilitate convenient and 
economical incorporation of the labels. 



15 According to one embodiment, the design principle 

disclosed here provides dyes that can be designed to: 

• harvest radiation (from lasers and similar devices) 
in regions of the electromagnetic spectrum that 
cannot be efficiently absorbed by the dyes 

2 0 currently used for DNA sequencing, thus allowing a 

wider variety of light source wavelengths to be 
used; 

• fluoresce in a greater wavelength range than the 
four dye detection system most often used at 

25 present (i.e., JOE, TAMRA, ROX, FAM) allowing 

greater resolution of the fluorescence emission 
from the dyes giving a more accurate read in DNA 
sequencing experiments; 

• give more intense fluorescent emission on 

3 0 irradiation with a usable source than is currently 

possible using JOE, TAMRA, ROX, and FAM, thus 
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giving increased sensitivity and enabling smaller 
amounts of samples to be detected; 

• give fluorescence emission from a usable source 
that is comparable or superior to the through space 

5 energy transfer dyes introduced by Mathies, and by 

Gibbs, and their coworkers ; 

• be introduced more conveniently and economically 
than the through space energy transfer dyes 
introduced by Mathies, and by Gibbs, and their co- 

10 workers; and, 

• be useful in both the "dye-primer" and the "dye- 
terminator" approaches to DNA sequencing. 

Sets of fluorescent dyes would be prepared such that 
one UV absorbing group was paired with four different 

15 fluorescent emitter moieties, each with clearly different 

emission wavelengths. This would allow strong fluorescence at 
four clearly distinguishable wavelengths. 

There is also potential for two different sets of 
sequencing reactions to be mixed and analyzed in a single gel 

2 0 electrophoresis run. Thus, if two UV absorbing molecules that 

absorbed in mutually exclusive regions of the spectrum were 
each paired with four dyes, emission would only occur in one 
set if the absorbance were tuned to one UV absorbing group. 
Alternatively, eight different dyes could be coupled with one 

2 5 or two UV absorbing groups (four each) to achieve the same 

end. 



BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the invention and 
30 its advantages will be apparent from the detailed description 

taken in conjunction with the accompanying drawings in which: 
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FIGURES la and lb are schematic diagrams 
illustrating energy transfer "through space" and energy 
transfer "through bonds," respectively, for the production of 
fluorescent labels for biological systems; 

FIGURE 2 is a diagram illustrating the structures of 
four cassettes used according to the teachings of the present 
invention for labeling DNA or other biological molecules; 

FIGURE 3 is a diagram illustrating synthesis of 
cassettes 1 and 2 . a) CH 2 CL 2 reflux: b)BF 3 -OEt 2 , NEt 3 , MePh, 80 
°C, 26% (2 steps) for 3a and 39% (2 steps) for 3b ; c) HCCTMS , 
NEt 3 , cat. Pd(PPh 3 ) 4 , cat. Cul , MePh 60 °C, 99% for a and 96% 
for b; d) TABF, THF, 0 °C, 60% for a and 58% for b; e) 4a, 
NEt 3 , cat Ph(PPh 3 ) 4 , cat. Cul, MePh 50 °C, 96%;f) 4a or 4b, 
NEt 3 , cat. Pd(PPh 3 ) 4 , cat. Cul, MePh 80 °C, 65% for laa and 23% 
for lab; g) 4a, NEt 3 , cat. Pd(PPh 3 ) 4 , cat. Cul, MePh 45 °C, 
83%; f) 4a or 4b, NEt 3 , cat. Pd(PPh 3 ) 4 , cat. Cul, MePh 80 °C, 
65% for laa and 17% for lab; and 

FIGURE 4 is a table illustrating important 
spectroscopic data for compounds 4, and the cassettes 1 and 2. 

DETAILED DESCRIPTION OF T HE INVENTION 

The preferred embodiments of the present invention 
and its advantages are best understood by referring to the 
FIGURES 1 through 4 of the drawings according to the teachings 
of the invention. 

Several conclusions may be made based on the 
discussions above. First, enhancement of fluorescence 
emission is desirable. Second, both dye-primer and dye- 
terminator approaches are viable, and the selection of one 
over the other is not a clear cut choice. It is possible, for 
instance, that if the dye -terminator methodology were improved 
then most sequencing reactions might be done that way. If 
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they were, the number of reactions necessary to generate DNA 
complements would be reduced by a factor of four relative to 
dye-primer approaches (since the four different ddNTP ' s can be 
mixed) , and pausing bands would become invisible. 

There are at least two ways to improve the utility 
of the dye- terminator approach. Energy transfer emission 
enhanced fluorescent tags for ddNTP' s have not yet been 
developed, so work in this area is very likely to be useful. 
Another avenue to explore is to devise completely new 
fluorescent labels for ddNTP 1 s . 

Superior dye-primer labels must overcome the false 
priming and mobility shift problems, and the experimental 
inconveniences associated with label incorporation. When 
singly labeled dye primers are used, mobility differences are 
compensated by virtual corrections to the data after detection 
but prior to output of the read. Almost all of the work with 
double dye primers involves labels supported on T-analogs 
which constitute part of the primer sequence. Those systems 
can be vulnerable to false priming due to these unnatural 
nucleotides. Moreover, the mobility correction varies with 
sequence and cannot always be adequately accommodated by 
virtual corrections. To address this problem, Mathies and 
co-workers designed a system that they term "cassette 
labeling" . [A16] In this method, the primer syntheses are 
performed in such a way that the first fluorescent base is 
added at the 5 '-termini of the primers, then six more cycles 
of phosphoramidite couplings are performed using deoxyribose 
units with no purine or pyrimidine functionalities. Finally, 
the other label is added at the end of this chain. The 
primers formed in this way are less vulnerable to false 
priming, and the DNA complements derived from them have 
improved mobility characteristics and exhibit less 
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for several reasons. Most important of these are the fact 
that these primers require seven more coupling steps than are 
required to generate the primer sequence . The word "cassette" 
5 is inappropriate for this system because it implies that the 

dye labels with the appropriate spacing are simply slotted in; 
in fact, they are built on the end of the primer in a multi- 
step operation which must be repeated for each primer. 
Second, the linker between the two labels is flexible. 

10 Consequently, the fluorescence emission will be the result of 

averaged conformational states which may vary according to the 
different environments of the label system. Third, the 
radiation that can be used to excite the labels must be chosen 
within relatively restrictive wavelength regions (e.g. 488 nrn 

15 or 154 nrn source, but not ones much lower in wavelength) . An 

eight dye system with four responding to one excitation 
wavelength and four responding at another would be extremely 
hard or almost impossible to develop given the dyes available. 
Finally, the issue of gel mobilities is not a solved problem 

20 because different conformational states may still be present 

in ratios that vary with the peripheral primer sequence. 
Energy transfer systems based on BODIPY dyes have been 
introduced for enhanced sensitivity and improved gel mobility 
factors in DNA sequencing, [A17] but the concerns outlined 

25 above still apply. [A18] 

Dye -primer methodologies may be improved by 
generating a double-dye cassette that could be conveniently 
incorporated into a primer in one step. This cassette is 
preferably relatively rigid to minimize sequence dependent 

30 mobility variations. 

No compounds of the this type (i.e., fluorescent 
compounds having a UV-harvesting group in conjugation with a 
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fluorescence emitter) have been reported by others 
specifically for DNA sequencing or, as far as we are aware, 
for other applications in biotechnology. However, compounds 
which harvest UV radiation, and transmit it to a fluorescent 
5 group via a conjugated system have been reported. This 

section summarizes highlights from that literature. 

Polymers and oligormers of type I are prepared via 
Sonogashira couplings of aryl halide and arylalkyne 
components. This coupling reaction is more efficient than the 
10 Wadsworth- Emmons reaction generally used to produce the 

corresponding systems with alkene rather than aryne linkages. 
In fact, solid phase syntheses of these materials are possible 
as a direct consequence of the efficiency of the Sonogashira 
coupling . 




15 Extended aryl alkyne molecules are not particularly 

soluble in any common solvent, but the alkoxide subsituents 
shown in structure I can be used to give appreciable 
solubilities. In nearly all literature on these compounds the 
"OR" functionalities are O- hydrocarbons included for 

20 compatibility with organic media, although in at least one 

case a water soluble system has been produced when R was a 
sulfonated benzylic group. 
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Molecules of type I are chemically robust. They 
would not, for instance, react or decompose under the thermal 
cycling conditions used for enzymatic generation of DNA 
components . 

The spacing between repeat units in the polymers I 
is approximately 6.75 A. This rigidity could be exploited to 
hold a UV absorbing group and a fluorescence emitter at a 
relatively invariant and easily estimated separation. 

Photophysical properties of framework I are such 
that absorption occurs at around 448 nm and fluorescence 
emission occurs at 474 nm (n=~22) . High fluorescent quantum 
yields are often observed (ca 0.8 to 0.9 for many molecules of 
type I) presumably because the rigidity of the system 
precludes bond motions that would otherwise result in 
radiationless decay. Moreover, the emission spectrum tends to 
be relatively sharp, much sharper than the absorption 
spectrum. The most relevant property of these materials to 
this project is the energy transfer properties seen for 
molecules like polymer II. This material emits at 524 nm 
irrespective of the wavelength of the absorption. It appears 
that random excitation of the polymer backbond transmits the 
energy to the low energy anthracene end group resulting in 
emission. 25. The mechanism of energy transfer is "photonic", 
rather than through space, hence the rigid arylalkyne rods 
have been referred to as "molecular wires". The florescence 
quantum yield is not always high, however. If the low energy 
group is situated in a relatively central position in the 
polymeric chain, for instance, then the florescence quantum 
yield is low. However, placement of a high energy absorbing 
group at one termini and a low energy emitting group at the 
other facilitates tunable absorption and photonic relay to the 
low energy emitting group with high florescence quantum yield. 
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Thus, a particular wavelength of the absorption can be 
determined by choosing a suitable high energy end-group, and 
the wavelength of emission can be similarly adjusted using a 
different group at the other terminus . These types of 
5 observations regarding the photophysical properties of 

repeating arylalkyne units have been reported for many 
ohgomeric. cyclic, dendric, and polymeric systems. 
Particularly relevant are systems which incorporate the so- 
called BODIPY dyes, prepared for goals that were not stated to 

10 include DNA sequencing. 

In conclusion, dye-primer methodologies could be 
improved by generating a double-dye cassette that could be 
conveniently incorporated into a primer in one step. This 
cassette should be relatively rigid to minimize sequence 

15 dependent mobility variations. 

The state of art in fluorescence-based DNA 
sequencing methodologies is to use four sets of two dyes, one 
set for each sequencing reaction, arranged such that through 
space fluorescence energy transfer (FET) enhances the emission 

20 of each set. [B1-B4] This leads to increased sensitivity hence 

more bases can be sequenced in each run. Typically, identical 
donor dyes are applied in each set so that irradiation at a 
single wavelength, usually 488 nm from argon lasers, can be 
used throughout. In a system wherein four dye sets are 

2 5 excited by one laser source, FET allows the dyes with longer 

fluorescence emission ^ values to absorb energy at 488 nm 
more efficiently. FET essentially increases the overlap of 
the absorption spectra of the acceptor dye with the exciting 
irradiation . 

3 0 FIGURES la and lb are schematic diagrams 

illustrating energy transfer "through space" and energy 
transfer 'through bonds," respectively, for the production of 
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fluorescent labels for biological systems. The first attempts 
to construct FET-based dye systems for DNA sequencing used 
donor and acceptor dyes attached to different nucleobases in 
a primer. This route to FET-based dye systems is 

5 experimentally inefficient if many dye-labeled primers must be 

produced, as in The Human Genome Project. Moreover, the only 
mechanism by which these dyes could transfer energy would be 
"through space." (FIGURE 2). 

Several groups have noted that FET between two dyes 

10 that are conjugated with each other can be remarkably 

efficient, and this property has been used to produce new 
materials with interesting photophysical properties. [B5-B9] 
However, to the best of our knowledge, such "through bond" 
energy transfer (FIGURE lb) has not yet been exploited in the 

15 production of fluorescent labels for biological systems. 

Disclosed here are our preliminary efforts to form 
FET-dye cassettes for biological labeling that potentially 
allow energy to be transferred through bonds as well as 
through space. Specifically, the targets of this preliminary 

20 study are compounds laa, lab, 2aa, and 2ab. the issues to be 

addressed here are the syntheses of these compounds and, for 
lab, and 2ab, correlation of fluorescence properties related 
to orientation of the donor and acceptor fragments a and b, 
respectively. 

25 FIGURE 2 is a diagram illustrating the structures of 

four cassettes used according to the teachings of the present 
invention for labeling DNA or other biological molecules, and 
FIGURE 3 is a diagram illustrating synthesis of cassettes 1 
and 2 . 

30 Briefly, the cassettes laa, lab, 2aa, and 2ab were 

constructed as outlined in FIGURE 2. The BODIPY [BIO] 
framework of compounds 3 was prepared by condensing 4- 
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iodobenzoyl chloride with the corresponding pyrrole, then 
reaction with BF 3 »OEt 2 in a one-pot two-step process. [Bll] 
Building blocks 4 were prepared from this produce via a 
Gonogashira coupling reaction [B12] with trimethylsilylethyne , 
then desilylation using tetra-n-butylammonium fluoride (TABF) . 
BODIPY's 4a and b were then coupled to the core fragments 5 
and 6 in the stepwise reactions indicted. These selective 
Sonogashira couplings exploited the difference in reactivity 
between aryl iodides and aryl bromides. [B13, B14] 

FIGURE 4 summarizes important spectroscopic data for 
the cassettes 1 and 2. The absorption spectra of the 
cassettes resemble the sum of the two individual chromophores , 
and the max values are not shifted relative to their BODIPY 
constituents 4a/4b. Similarly, the fluorescence emission max 
values are not shifted relative to the corresponding acceptor 
fragment (4a or 4b) alone. The emission of the donor fragment 
4a, however, is almost completely suppressed in the cassettes 
lab and 2ab implying that the energy transfer efficiency in 
these systems is very high. Possibly the most important data 
set in Table 1 is the ratio of fluorescence intensities when 
the cassettes are irradiated at 488 nm. The relative increase 
in fluorescence intensity is greatest for the me ta- substituted 
systems lab showing that this arrangement of donor and 
acceptor fragments is preferred over the para-orientation in 
cassette 2ab. 

Two embodiments of the invention are depicted below. 
These two dyes A and B have absorption and fluorescence 
emission spectra that are comparable with the concept designed 
herein. One has a functional group that allows the tag to be 
attached to an amino group of a modified DNA residue. 
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Dyes according to the invention may be used in 
sequencing reactions. For example, they may be attached to 
DNA oligomers in connection with the "dye -primer" sequencing 
method. Dideoxynucleoside triphosphate terminators may be 
tagged with the new dye systems in the "dye terminator" 
approach. Ideal combinations of dyes may be developed as 
desired, as well as optimizing water solubility and minimizing 
gel mobility shifts between the dye systems. 

In the practice of the invention a multitude of UV 
absorbing and fluorescent emitting groups may be useful. 
Suitable UV absorbers may include, but are not restricted to, 
perylene, anthacene, tetracene, fluorescein, and some BODIPY 
dyes. Suitable emitters may include, but are not restricted 
to, fluorescein derivatives, rhodamine systems, BODIPYs, 
squareine and other relatively long wavelength emitters such 
as cyanine dyes. Energy transfer through space may be used 
some members of the dye sets for convenience. 



in 
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Additional embodiments of the invention are 
described in the paper attached as Appendix A. 

Experiments are in progress to further understand 
the fluorescence properties of these molecules; determination 
5 of the relative contributions of through- space and through- 

bond energy transfer would be particularly interesting. 
Others have speculated that through space FET can dominate 
even in conjugated systems. [B15, B16] and a significant 
contribution via this mechanism could account for the higher 

10 fluorescence emission of the raeta-cassette lab. In general, 

the type of cassettes introduced in this communication could 
have several attractive features. Specifically, through bond 
effects could add to the FET efficiency, the range of 
accessible max values may be greater due to through-bond 

15 energy transfer (an important factor in four-color DAN 

sequencing methodologies) , and the donor and acceptor 
fragments are packaged in a single facilitating convenient 
introduction of the tag. 
Experimental Section 

20 Information related to experiments resulting in the 

above -described results is described below. 

Characterization Data for the Cassettes. laa. mp 
180 180 °C (dec); R f 0.39 (45% EtOAc/hexanes) ; a H NMR (CDC1 3 , 
300 MHz) 5 1.41 (s, 12 H) , 2.54 (s, 12 H), 2.91 (bs, 4 H) , 

25 5.98 (s, 4 H) , 7.30 (d, J = 8.4 Hz, 4 H) , 7.67 (d, J = 8.4 Hz, 

4 H) , 7.99 (t, J = 1.5 Hz, 1 H) , 8.26 (d, J = 1.5 Hz, 2 H) ; 13 C 
NMR (CDC1 3 , 75 MHz) 5 14.6, 25.6. 88.0, 91.0, 121.4, 123.1, 
124.6, 126.2, 128.4, 131.1, 132.4, 132.9, 135.7, 139.8, 140.4, 
142.9, 155.8, 160.6, 168.9; MS (FAB*) m/z 911 (M*); HRMS calcd 

30 for C 5 3H 43 N S 0 4 B 2 F 4 [M* ] 911.3454, found [M*] 911.3460. lab. mp 

220 °C (dec); R f 0.39 (35% EtOAc/hexanes); X H NMR (CDC1 3/ 300 
MHz) 5 0.97 (t, J = 7.5 Hz, 6 H) , 1.31 (s, 6 H) , 1-42 (s, 6 
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H) , 2.52 (s, 6 H) , 2.54 (s, 6 H) , 2.90 (q, J = 7.3 Hz, 4 H) , 
2.92 (bs, 4 H) , 5.99 (s, 2 H) , 7.31 (d, J = 8.1 Hz, 4 H) , 7.66 
(d, J = 8.4 Hz, 2 H) , 7.67 (d, J = 8.4 Hz, 2 H) , 7.99 (t, J = 
1.5 Hz, 1 H) , 8.26 (m, 2 H) , 13 C NMR (CDC1 3 , 75 MHz) 5 11.9, 
12.5, 14.6, 25.6, 87.9, 88.0, 91.0, 91.2, 121.4, 122.8, 123,1, 
124.5, 124.6, 126.2, 128.4, 128.7, 130.4, 131.1, 132.3, 132.4, 
133.0, 135.7, 136.6, 138.1, 138.9, 139.8, 140.4, 142.9, 154.1, 
155.8, 160.7, 168.9; MS (FAB+) m/z 967 (M*); HRMS calcd for 
C 57 H 51 N 5 0 4 B 2 F 4 . [M+] 967.4081, found [M+] 967.4101. 2aa. mp 219- 
220 °C; R f 0.32 (40% EtOAc/hexanes); X H NMR (CDC1 3 , 300 MHz) 5 
1.42 (S, 12 H), 2.55 (s, 12 H) , 2.95 (bs, 4 H) , 5.99 (s, 4 H) , 
7.28-7.33 (m, 4 H) , 7.66-7.79 (m, 6 H) , 8.37 (d, J = 1.7, 1 
H) ; 13 C NMR (CDC1 3 , 75 MHz) 5 14.57, 14.6, 25.8, 88-1, 88.8, 
92.2, 97.3, 121.4, 123.3, 123.4, 123.6, 124.6, 128.3, 128.5, 

129.8, 131.2, 132.4, 132.7, 134.3, 134.4, 135.9, 136.0, 142.9, 

155.9, 160.3, 169.0; MS ( FAB + ) m/z 911 (M+) ; HRMS calcd for 
C 53 H 43 N 5 0 4 B 2 F 4 [M+] 611.3454, found [M* ' 911.3460. 2ab. mp 215- 
216 °C; R f 0.32 (40% EtOAc/hexanes); X H NMR (CDC1 3 , 300 MHz) 5 
0.96 (t, J = 7.5 Hz, 6 H) , 1.31 (s, 6 H) , 1.40 (s, 6 H) , 2.28 
(q, J = 7.3 Hz, 4 H) , 2.51 (s, 6 H) , 2.54 (s, 6 H) , 2.94 (bs, 
4 H) , 5.97 (s, 2 H) , 7.27-7.32 (m, 4 H) , 7.68-7.73 (m, 6 H) , 
8.38 (d, J = 1.5 Hz, 1 H) ; 13 C NMR (CDC1 3 , 75 MHz) 5 11.9, 
12.5, 14.6, 14.7, 17.1, 25.7, 29.7, 88.1, 88.6, 92.3, 97.3, 
121.4, 123.0, 123.4, 123.5, 124.6, 125.3, 126.8, 128.2, 128.3, 

128.7, 129.0, 130.5, 131.1, 132.3, 132.7, 133.0, 134.35, 
134.4, 135.8, 136.0, 136.6, 138.2, 139.0, 141.1, 143.0, 154.1, 

155.8, 159.1, 160.2, 169.1; MS (FAB+) m/z 967 (M+) ; HRMS calcd 
for C 57 H 51 N 5 0 4 B 2 F 4 [M+] 967,4081, found [M+] 967.4101. 

Although the present invention and its advantage 
have been described in detail, it should be understood that 
various changes, substitutions, and alternatives can be made 
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therein without departing from the spirit and scope of the 
present invention as defined by the appended claims. 

The following references are incorporated herein by 

reference . 

Al . A Rapid Method for Determining Sequences in DNA by Primed 

Synthesis with DNA Polymerase, F. Sanger, and A. R. 

Coulson, J. Mol Biol., 1975, 94, 441-8. 
A2 DNA sequencing with chain termination inhibitors, F. 

Sanger, S. Nicklen, and A. R. Coulson, Proc . Natl. Acad. 

Sci. U.S.A., 1917, 74, 5463-5467. 
A3 Fluorescence detection in automated DNA sequence 

analysis, L. M. Smith, J. Z. Sanders, R. J". Kaiser, P. 

Hughes, C. Dodd, C. R. Connell, C. Heiner, S. B. Kent, 

and L. E. Hood, Nature, 1986, 321, 674-9. 
A4 . Large-Scale and Automated DNA Sequence Determination, T. 

Hunkapiller, R. J. Kaiser, B. F. Koop, and L. Hood, 

Science, 1991, 254, 59. 
A5 . Large-Scale DNA Sequencing, T. Hunkapiller, R. J. Kaiser, 

B. F. Koop, and L. Hood, Anal. Biotech., 1991, 2, 92-101. 
A6 . The Future of DNA Sequencing, L. M. Smith, Science, 1993, 

262, 530-2. 

A7 . A system for rapid DNA sequencing with fluorescent chain- 
terminating dideoxynucleotides, J. M. Prober, G. L. 
Trainor, R. J. Dam, F. W. Hobbs, C. W. Robertson, R. J. 
Zagursky, A. J. Cocuzza, M. A. Jensen, and K. Baumeister, 
Science, 1987, 238, 336. 

A8 . Energy Transfer Primers: A New Fluorescence Labeling 
Paradigm for DNA Sequencing and Analysis, J. Ju, A. N. 
Glazer, and R. A. Mathies, Nature Med., 1996, 2, 246-9. 

A9 . Fluorescence energy transfer dye-labeled primers for DNA 
sequencing and analysis, J. Ju, C. Ruan, C. W. Fuller, A. 
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1995, 92, 4347-51. 
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Anal. Chem., 1995, 67, 3676-80. 
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Analytical Biochem. , 1995, 231, 131-40. 

Energy Transfer Primers with 5- or 6 -Carboxyrhodamine - 6G 
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238, 165-70. 

Continuous, On-line DNA Sequencing Using 
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